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This Bulletin reports results so far  available from three 
years' work a t  Substation No. 7, located near Spur, Dickens 
County, in a study of factors influencing runoff and soil erosion 
and the effects of conservation on the increase in crop yields. - 
The results are directly applicable to an  area of about 14 mil- 
lion acres in which Miles and Abilene soils predominate and 
indirectly applicable to all of Texas. The equipment used is 
fully described. The available rainfall data show that  85 per 
cent of the average annual rainfall of 22 inches, comes in this 
region during the' summer months. Two well defined peaks, 
one in May and one in September, with a period of depression 
of rainfall in July, emphasizes the necessity of conserving 
water from the spring rains to carry crops through the nor- 
mally dry period in July. The possibilities of conservation are 
shown-by the fact that  approximately 20 per cent of the total 
rainfall is ordinarily lost in this region as  runoff. The results 
indicate that  the intensity of the rainfall is a factor in losses 
of water and soil, but that  other factors such as  ~oi l~mois ture  
content are operative to a considerable degree. The runoff 
losses have not been found to be in direct proportion to the 
steepness of the grade. The soil losses seem to be more nearly 
in proportion to the steepness of the grade than is the case with 
water losses. Tremendous quantities of water and soil have been 
lost from lands with even a gentle slope. Grass has been found 
to be a very effetive vegetative cover in conserving water. Milo 
was more effective than cotton, and cotton more effective than 
no crop a t  all. The efficiency of a crop in preventing runoff seems 
to be due partially to its coverage and partially to its removal 
of water, which in turn affects the absorption by the soil. Tillage 
has been found effective in the storage of water. Contoured 
rows, terraces, and dikes have been found effective in saving 
water and in increasing crop yields. The results indicate that  
in this region, i t  is possible by the use of contoured rows and 
closed terraces to conserve all the water and entirely prevent 
runoff. By means of diversion terraces, as  much as  two to 
four inches of water have been applied to other areas, but such 
applications of water have not thus far  been fully satisfactory 
because of the difficulty of spreading and retaining the water 
on the land. 
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D. SCOATES* 
Throughout .Texas and the Southwest, water is the chief limiting 
factor in crop production. Soil fertility is .also a limiting factor in some 
regions. I n  sections where erosion has been accelerated by methods of 
utilizing land, soil fertility has been depleted. 
Climatic conditions in Texas are such that in  nearly every part of the 
State crops are subject to periods of deficient soil moisture caused by 
either a shortage of total rainfall or a lack of proper distribution. 
Shortages of rainfall can be partially overcome by the storage of mater 
in the soil, thus carrying over the largest amount of soil moisture possible 
for use of the crop. Unfavorable seasonal distribution of rainfall and 
the losses of soil and soil fertility can also be partially remedied by the 
same measures; hence, control of rainfall water and its storage in  the 
soil is an important problem confronting the agriculture of Texas. 
Undoubtedly in certain seasons of low total rainfall no measure of pre- 
caution ~ i l i  fully compensate for the shortage, but in seasons of fair  
rainfall, attended by poor distribution, i t  seems probable that by the 
application of effective methods concerned in the storage of water in the 
soil, favorable growing conditions can be greatly extended and the prob- 
ability of good production igcreased. 
Intensity and distribution of the rainfall are important factors to be 
considered. The slope of the land, the crop grown on the land, and 
tillage operations practiced are other iniportxnt considerations, as they 
materially affect storage of water in the soil. These same factors apply 
to losses of soil and soil fertility, inasmuch as water is the vehicle which 
carried away soil and soil fertility. Any means of retarding the off-flow 
of mater also retards the carrying away of soil and soil fertility. 
The purpose of this Bulletin is to present the r e s~~ l t s  so far available 
of experimental work conducted a t  the Spur Experiment Station in the 
study of some of the principal factors concerned in losses of water by 
runoff and of soil by erosion, and the effect of these losses on the yield 
of crops. 
SCOPE OF WORK 
In the plan of work originally outlined, two phases of the problem 
were to be considered: (1) a study of factors contributing to runoff 
losses under subhumid condjtions as influenced by (a )  rapidity of rain- 
fall, ( h )  slope of the land, (c) physical condition of the land, (d) use 
"Professor of Agricultural Engineering, Scliool of Agriculture, A. and M. Col- 
lege of Texas. 
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of terraces and other obstructions; and (2)  a study of the effects or 
preventing runoff losses on crop production. 
At the inception of this work, soil erosion was not thought to be an 
important consideration in  the section involved (Figure 5 ) ,  and hence 
no definite mention was made in  the project of the soil-erosion problem. 
It was realized, however, that the set-up and equipment necessary for 
the measurement of water losses would suffice for measuring soil losses. 
I n  the first crop season, the soil losses were so astoundingly large that 
Fig. 1. Sheet eros 
- 
ion in a co tton field. 
P 
Fig. 2. Sheet erosion with gullying started. 
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this phase of the work assumed an unt xpected importance in connection 
with the study, and measurements of soil losses have been obtained 
throughout in an endeavor to correlate these soil losses, as well as the 
water losses, with the factors under consideration. 
The general method of procedure in formulating a plan of operation 
has been to make use of the available nleteorological data and other 
experimental data available relating to the subject. This plan has 
;nx.nl~rnd establishing a set of control plats with equjpnlent for obtaining 
r 
Fig. ' 
Fig. 3. A n  t example of gullying. 
L.  Effectiveness 0f .a  terrace in cherking the movement of water on rolling land. 
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accurate measure of losses of ws ter and soil under the following con- 
ditions: during periods of rainfall varyving in size and intensity; from 
plats with different grades; from plats planted to different crops; ancl 
from plats fallowed. These data obtainable from the control plats have 
been further supplementecl by the installation of a series of field areas 
ranging from 5.3 to 11 acres in size, and variously equipped, from which, 
by means of weirs and water-stage recorders, an accurate measure of ' 
water loss n-as recorded, thus supplementing the small control plats b ~ -  I 
field areas approaching closely field conditions as they exist in this region. 
It is realized that, in this set-up, variations in the field areas, par- 
ticularly, will necessarily affect the records obtained, and that a period 
of years and a duplication of some of the field areas will be required 
to obtain conclusive results. It is believed, however, that the use of the 
control plats in connection with the field areas mill tend to enable veri- 
fication of accuracy in the field results. 
The areas on which these tests are being conducted were put into cul- 
tivation in 1909, 1910, and 1911, and were in experimental-plat ~ o r l i  
until 1924. During 1924, 1925, and 1926, there were 90 acres of cotton 
grown 011 the 100 acres in the field areas and the remaining 10 acres were 
used for growing feed crops. The land has a graclier~t ranging from one- 
half of 1 per cent to 3 per cent. 
HISTORICAL 
The use of runoff water in irrigation is a11 old ancl accepted practice. 
For centuries, water has been impounded by man and diverted onto fields 
and vineyards to supplement the normal rainfall. The American Indians 
of the subhulnicl regions were efficient in diverting water onto their ?nl-'c 
during rainy periods. 
These early experiences in the use of water have, perhaps, bee 
incentire to the more intensive and systematic studies relating tc 
use of water ~ ~ ' h i c h  omes as rainfall. In  the development of the s 
humid region in the Western and Southwestern States, intensive stuc 
have been made by research workers in cirp-farming problems having 
do primarily with storing and retaining moisture in the soil t h r o ~  
cultural practices. Much work has been done relating to the per 
tion of water and on the relation ol water to plants. Numerous st1 
have been made on the duty of water in irrigation and the clischar; 
water through river courses as it relates to rainfall, floocl control, 
silting problems. 
The 1\4issouri Experiment Station initiated experiments in 191 
soil erosion and surface runoff, and has contributed information or 
subject of erosion. The Bureau of Public Roads, United States De,,aLu 
ment of Agriculture, has conducted, in co-operation with the North Caro- 
lina Experiment Station, experiments on soil erosion. The Bureau of 
Chemistry and Soils, United States Department of Agriculture, has con- 
tributed to our general knowledge of soil-erosion problems as they c----- 
in different parts of the United States and elsewhere. The Forest ! 
cola- 
ucliea 
5e of 
and 
7 on 
1 the 
UD- 
Lies 
, to 
l<@ 
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ice, United ~ t a t k s  Department of Agriculture, has contributed to the 
knowledge of off-flow of rain water in relation to losses on grazing and 
forest areas. Agricultural Experiment Stations in  various States have 
also contributed basic information relating to the problem. 
Fig. 5. Rainfall map of Texas, showing monthly distribution at five points. 
DESCRIPTION OF AREA 
The 
L: . .-- 
area to which this work applies occupies all or parts of 44 coun- 
ues and covers approximately 20,000,000 acres. Of this, about 14,- 
000,000 acres are predominately Abilene and Miles soils, with some other 
soils that are closely related to them. The soils on the Station belong 
to the Abilene and Miles series. 
The Rolling Plains are generally undulating, with some rather good- 
sized bodies of land that are nearly flat or gently sloping. The Abilene 
soils, and the closely related dark soils, occupy the larger areas of nearly 
flat lands. The clay loam types prevail in  the dark group of soils. The 
soils are in general more rolling in many places, and the sandy 
are the most extensive in this series. 
Miles 
types 
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All of the soils of this region have a natural granular and open struc- 
ture, which allows the ready cultivation of the land into a friable condi- 
tion. This allows water to enter the soil and pass through i t  f reel~,  
It also permits easy washing ancl eroding of the surface where it  is at 
all sloping. The subsoils, though as a rule heavier thail the top soils, 
have an open structure favoring the absorption of water. These sub- 
soils contain considerable clay and subsurface leaching of soil water does 
not occur to any appreciable extent, ancl as they consist of cleep beds of 
soil material on unconsolidated beds of c la~s ,  a large anlount of soil water 
can be held in reserve for the use of crops. 
The Abilene soils consist of dark-brown surface soils which in places 
are nearly black. 'The soils are 4 to 10 inches deep and rest on dark- 
brown or chocolate-brown clay, 117hich a t  a clepth ranging from 18 to 24 
inches merges below into lighter-colored friable calcareous clay. Kor- 
mally a layer of soft lime carbonate occurs at  a depth of four or five feet. 
I n  places this is a bed of soft, almost pure, lime carbonate, while in other 
places it is mixed with salmon-colored or yello~vish: soft, friable clay. 
The Miles soils, where normal soil development has occurred, consist 
of reddish-brown or brownish-red soils 4 to 1 2  jnclles deep underlain 
by subsoils of friable clay of a red or reclclislz-brown color. At a depth 
ranging from 18 to 24 inches the subsoils merge below into lighter- 
colored chocolate-red friable clay, which at two to three feet below the 
surface is somewhat calcareous in many places. In  other places cal- 
careous material is found only very slightly in the subsoil material above 
the lime carbonate zone, which lies four to five feet below the surface. 
I n  many places where the surface is sloping, the subsoil lies very near 
the surface and lime carbonate may be foulld in the upper soil lajers 
and even in the surface soil. Many areas of Miles soils that are sloping 
and rolling have had the surface so2 almost entirely removed by ero?ioll, 
even where the land has never been in cultivation. 
Associated with these soils are large bodies of the Vernon soils. Thesz 
are the red soils of the Permian Red Beds formation. They are TrerT 
easily eroded; large areas have been so badly damaged by washing anc1 
gullying that they can never be used for farming. 
EQUIPMENT 
Meteorological 
The meteorological instruments are adjacent to the control plats 
(Figures 6 and 8).  They consist of maximum and minimum ' 
mometers, relative atmospheric humidity tliermome ters, anemo 
evaporation tank, an autoinatic gauge for weighing and recordin 
and snow, and a standard government rain and snow gauge. The 
matic gauge (Figure 9 )  is particularly useful in that j t  recorcl;~ the 
of rainfall. I n  addition to these instrummts, there are two other 
gauges placed at points on the field areas in order to check on varia 
in rainfall. 
rate 
rain 
tions 
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Control Plats 
The control plats (Figure 6 )  are located on Miles clay loam and 
consist of eight plats G feet wide and 96.8 feet long, or 1/75 of an n17re 
in size. The number of the plat, the grade, the cropping, and the treat- 
ment are given in Table 1. 
These plats are located on land that had been in cultivation for thir- 
teen years prior to the inception of this study. They are located adja- 
d 
Fig. 6. Diagram showing arrangement, size, grade, and treatment of control plats, to- 
gether with location of vats, working pit, and meteorological instruments. 
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cent to the field areas as shown in Figure 10. There was a natural 2 I 
per cent slope, which furnished as nearly ideal conditions as could be 
obtained. It was necessary to .excavate in order to form grades of less 
than 2 per cent on two of the plats, and to make a fill on a third plat in 
order to establish a grade of 3 per cent. These excavations and fills 
have undoubtedly affected the results on these three plats, more espe- 
cially during the first year. 
Table 1.-Control plats, number, grade, cropping, and treatment 
*Number of feet fa11 per 100 feet. 
Plat 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The plats are bordered with NO. 20-gauge galvanized iron, 15 in 
wide and sunk 12 inches beneath the surface of the soil. This bordt 
ches 
2r is 
Per cent grade* 
0 
1 
2 
2 
2 
2 
2 
3 
S h o w ~ n g  /nsf o / / o f / o n  of Drmn P ~ p e s  
ond y/uaa Tubes /n  Vat3 
Cropping and treatment 
Cotton 
Cotton 
Cotton 
Fallow, cultivated 
Fallow, not cultivate 
Buffalo grass 
Milo 
Cotton ' 
Fig. 7. Equipme~%t for measuring water losses from control .plats. The vats 
calibrated and a direct-reading scale provided for the glass tubes in the working pit. 
are 
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held in place by being riveted to inch angle-iron posts 36 inches long and 
set in concrete four feet apart. 
The soil of the plats, with the exception of plats 5 and 6, is an- 
nually spaded with a garden fork to a depth of four inches. The crop 
residue on each plat is spaded under at  the time of the preparation of 
the plat soil. 
At the lower end of each of the control plats is a calibrated concrete 
vat four feet deep, five and one-half feet wide, and eight feet long. The 
water inlets to these vats are on a soil level with the lower end of the plat. 
At the side of the vats opposite the plats is a working pit three feet wide, 
four feet deep, and 48 feet long. In this pit is located the equipment 
for cluick and accurate measurements of the water caught in the vats, 
as well as provision for draining the vats. The details of this equipment 
Fig. 8. The eight control plats 1 /75  of an acre in size. The plats are  numbered 1 to 
8 from left to right. The meteoroloeical instruments are  a t  the extreme rieht. I n  the 
-
foreground are soil boxes containing the eroded soil. Between the soil boxes and the 
control plats, and under cover, are  the concrete vats for catching the water and soil. In  
the background is shown equipment for  measuring water losses from field areas. 
are shown in Figure 7. The glass tube and steel scale calibrated to read 
direct in gallons provides a ready method of determining the amount of 
water in the tank. The plug in the pipe that supports the glass tube is 
for drainage. The vats are covered with a waterproof metal roof with 
a man-hole entrance to each vat. 
The preparation of the land and the planting and cultivation of the 
control plats are necessarily performed by hand on account of their 
small size. This handwork is made to approximate as nearly as possible 
field work performed with machinery. 
The cotton and milo plats are planted as near the first of May as 
po'ssible. The rows are 36 inches wide and are 18 inches from the plat 
1 4  BULLETIS KO. 411, TEXAS AGRICULTURAL EXPERIMENT STATIC5 1 
Fig. 9. Recording rain gauge and charts on which records are  made. The uppef chart 
represents a characteristic slow r a i n ;  the lower one, a rainfall  of great intensity for 
periods. 
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borders. Cotton plants are spaced 12 inches in the row, and milo 
plants 18 inches. 
The buffalo grass on plat 6 was transplanted in sods six inches square 
from nearby pasture lands on June 15, 1926, but i t  was late fall before 
the plat was perfectly sodded. The grass is clipped with a lawn mower, 
so as to maintain as nearly as possible the conditions of grass land pas- 
tured with cattle. 
Plat 5, "fallow, not cultivated," has all vegetation removed with a 
weeding hoe, care being exercised not to disturb unnecessarily the sur- 
face of the soil. 
The suspended matter in the water reaching the tanks is allowed to 
settle, the water drawn off, and representative samples of water and soil 
taken. The residue left in the vats is removed and weighed; samples 
are dried in a soils oven and the soil losses determined on a water-free 
basis. 
Representative water and soil samples are taken following each rain 
~ and the remaining eroded soil is stored in soil boxes shown in the fore- 
ground of Figure S. 
Field Areas 
There are ten field areas, each having a different treatment, located 
on Miles clay loam. They vary in size from 5.5 to over 11 acres. The 
size, arrangement, topography, and location of terraces are shorn in 
Figure 10. Tvo  of these areas, 5 and 6, were laid out and terraces 
constructed in the spring of 1926. The other eight were established in 
the spring of 1927. The field areas, with their acreages and treatments, 
are as follows : 
Area 1-Contoured rows, cropped to  cotton, 11.530 acres. 
Area 2-Rows following the natural slope (up  and down hi l l ) ,  cropped to 
cotton, 9.386 acres. 
Area 3-One-foot fall* between level terraces,? cropped to cotton, 10.711 acres. 
Area 4-Three-foot fall between level terraces, cropped to  cotton, 10.259 acres. 
Area 5-Two-foot fall between terraces having a fall of three inches per 100 
feet along the terrace, cropped to  cotton, 5.532 acres. 
Area 6-Two-foot fall between level terraces, cropped to cotton, 6.044 acres. 
Area 7 L e v e l  terraces with borders diked to  hold all of the water tha t  falls 
on the area, cropped to  cotton, 6.329 acres. 
Area 8-Level terraces with borders diked to hold all of the water tha t  falls 
on the area, cropped to alfalfa, 7.525 acres. 
Ares 9-Level terraces with borders diked to  hold all of the water tbat  falls 
on the area and the runoff water from Areas 2 and 3, planted to  
cotton, 9.292 acres. 
Area 10-Level terraces with borders diked to hold all of the water that  falls 
on the area and the runoff water from Areas 5 and 6, cropped to  
alfalfa, 8.131 acrep. 
*"Fall" means a difference of elevation. One-foot fall between terraces indi- 
cates a difference of one foot elevation between terraces. 
?Level terrace is a terrace that  is run on a contour or is level from one end 
to  the other. 
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Fig. 10. ,Plan of fleld areas showing arrangement, sizes, contours, terraces, and the 
location of the control plats with reference to the Aeld areas. 
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Areas 1 to 6, inclusive, are equipped with water-measuring devices. 
Typical equipment is shown in Figure 11. 
Each of these units is equipped with a weir and an automatic time- 
recorder. The weir unit is built of reinforced concrete and is four feet 
high, 18 feet long, and six inches thick. I n  each unit there are two 
90-degree notches with a depth of 18 inches. This design of weir is ' 
used in order to measure a very small flow as well as a large one. It 
records a discharge as low as .I836 cubic foot over 10-minute periods, 
and one as high as 8160 cubic feet in the same length of time. 
Fig. 11. One of the six concrete weirs with two 90-degree notches, still pond, and 
water-stage recorder used in measuring runoff from the field areas. 
' The still-ponds are twenty feet wide and forty feet long, with a depth 
of eighteen inches below the level of the notch. The purpose of the pond 
is to bring the water to a state of rest before passing over the weir. 
A concrete still-well two feet six inches square and eight feet high is 
placed at  the edge of each still-pond. This still-well is a support for the 
water-stage recorder and houses the water-float, clock-weights, and 
counter-weights. 
ANALYSIS OF RAINFALL DATA 
Rainfall 
The rainfall data at  Spur for a period of seventeen years show that 
the average annual rainfall is 22.01 inches, and that in this period vio- 
lent fluctuations in annual rainfall have occurred ranging from 11.09 
inches in 1924 to 38.08 inches in 1926. Table 2 shows in detail the 
monthly and annual rainfall for the seventeen years, and Figure 12 
shows a graphic representation of the rainfall by months for the three 
years in which this work has been conducted, 1926, 1927, and 1928, as 
Table 2.-Monthly and annual rainfal!, inches, 1912 to  1928, inclusive, a t  'Spur. 
Months 
January. . . . . . . . . .  
Fehruary . . . . . . . . .  
. . . . . . . . . .  March. 
Apr:l . . . . . . . . . . . .  
May. . . . . . . . . . . . .  
June. . . . . . . . . . . . .  
July. . . . . . . . . . . . .  
August. . . . . . . . . . .  
September. :...... 
October. . . . . . . . . .  
November. . . . . . . .  
December. . . . . . . .  
Annual. . . . . . .  
1924 1925 1926 
--- I l l  Average 
Rainfall 7 months in summer April to October inclusive 18 65 inches or 84 75 per cent. 
Rainfall 5 months in winter, hovcmber to ~ a ; c h ,  inclus~vc, 3.357 inchcs or 15.25 per cent. 
Table 3.-Average monthly and annual rainfall a t  Spur compared with that a t  four other points in the State. 
Number 
years' 
record 
32 
15 
15 
31 
17 
Inches Station - ~ ~ ~ ~ ~ ~ - - - - - ~  
.Jan. Feb. Mar. April May June July Aug. -Sept. Oct. Nov. Dec. -4nnual 
- ~ - ~ ~ - - - - - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.11 1.63 2.19 2.53 3.92 3.21 2.08 2.12 3.89 2.89 2.17 2.31 30.05 
Denton. . . . . . . . . . . . . . . . . . . . . . . . .  2.17 !.66 1.93 4.37 3.90 ?.21 2.20 3.30 2.35 3.61 2.25 2.54 33.49 
P . . . . . . . . . . . . . . . . . . .  2.52 2.25 2.26 4.80 3.57 2.65 1.53 2.67 4.19 3.59 3.04 3.03 36.10 
College Station . . . . . . . . . . . . . . . . . .  3.01 2.72 2.61 4.12 4.51 3 .39  2.45 2.45 2.67 3.14 3.16 3.79 38.02 
-pp-pp-------- 
Average.. . . . . . . . . . . . . . . . . . . . .  2.20 2.06 2.25 3.96 3.97 3.11 2.07 2.63 3.28 3.31 2.66 2.92 34.42 
Spur.. . . . . . . . . . . . . . . . . . . . . . . . . . .  .31 .51 1.04 2.37 3.07 2.62 1.95 2.94 2.91 2.79 .81 .68 22.00 
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compared with the average monthly rainfall for seventeen years. Table 
2 shows that most of the rainfall in this region occurs during the crop- 
growing season, with little or no rainfall during the winter months. 
The average rainfall for a period of seven months, April to October, 
inclusive, is 85 per cent of the total annual rainfall. 
Seasonal Distribution 
Seasonal rainfall is a better measure of the supply of water available 
to crops than totaI rainfall, as evidenced by the fact that localities with 
Fig. 12. Rainfall by months during the three years of this work, compared with the 
average for 17 years. 
Loo 
I 
' \. 
d.OO . i:q-..\ 
0.00 
A: . MHT A $  My Jun. Jul A/p +t Ocf Nov h. 
Fig. 13. Monthly rainfall a t  Substation No. 7 (Spur) compared with that  a t  four 
other Stations. 
Average of four Stations, June to September, inclusive, 11.09 inches. 
Average of Spur Station, June to September, inclusive, 10.42 inches. 
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an annual rainfall of as much as 40 inches are frequently subject to  ' 
periods when the crop suffers for lack of moisture. Only a certain 
amount of rain is needed to produce maximum crop yields, and when an 
excess occurs it may introduce many complications, such as erosion, 
insect depredations, deterioration of crops in the field, extra labor and 
costs, and numerous other harmful results. 
Figure 13 illustrates the characteristic seasonal distribution of rain- 
fall a t  Spur and at four other points in Texas, namely, Beeville, Denton, 
Temple, and College Station, where the total annual rainfall varies from 
30 to 38 inches. It is noteworthy that although there is a wide differ- 
ence in the total annual rainfall at Spur and the other points in com- 
parison, there is a marked similarity in the seasonal distribution. Dur- 
ing the four months critical for growing crops-June, July, August, and 
September-the rainfall at all these points is approximately the same. 
The Mid-Summer Depression 
This graph also shows another interesting point with reference to the 
period of depression of rainfall in mid-summer. Judging from the com- 
parisons made in this graph, many sections of Texas come into a period 
of deficient rainfall in mid-summer which makes expedient the storage 
of moisture from spring rains for the use of the crop during the fruiting 
period. Farm practice in the more humid sections of the State, where 
more or less abundant spring rainfall occurs, has led farmers there to 
plant crops earlier in the season for the purpose of evading insects and 
other troubles, without giving proper consideration to the fact that the 
crop would normally come into fruiting during the summer depression 
of rainfall. Accordingly, unless water has been stored in the soil from 
the spring rains, serious effects from drouth are encountered. This con- 
dition, perhaps, is not so nearly applicable to the subhumid section be- 
cause planting as a rule is deferred until May, and with the storage of 
the spring rainfall the immature plants can be carried through the period 
of depressed rainfall and come into fruiting in the more favorable mois- 
ture period in August and September. 
The average monthly rainfall for a seventeen-year period a t  Spur has 
been further analyzed by dividing the monthly rainfall into ten-day 
periods with the view of determining more definitely the length of the 
period of low summer rainfall. These results are shorn in Figure 14, 
in which a comparison is made between the monthly average rainfall 
for the seventeen-year period and the average rainfall for ten-day periods 
during these years. 
A comparison of the average rainfall for the ten-day periods with 
that of the average monthly rainfall shows that the period of depressed 
summer rainfall really begins in June and extends well into August. 
This is a more extended summer depression than appears to be the case 
when only average monthly rainfall is considered. This further em- 
phasizes the necessity for conserving the rather large amounts of rain- 
fall which occur as torrential rains in the spring and which are needed 
It is important to  adjust the seeding date to fit the supplies of mois- 
ture which exist in this region . The planting of crops on the early 
supplies of spring moisture is likely to result in taking the crop into the 
period of depressed rainfall in an advanced stage. so that it suffers more 
heavily and fails to produce the maximum yield . On the other hand. 
planting can be delayed too long or until the last peak of the spring rain- 
fall has occurred. when the germinating seeds are subjected to drying 
winds and low humidity. resulting in poor stands . The optimum .plant. 
ing time is in May. at ~vhich time there is abundant moisture for ger- 
minating the seed and establishing rigorous young plants able to with- 
stand the subsequent dry period and utilize the rainfall a t  the second 
peak for setting fruit and maturing a crop . Perhaps the same general 
principles may be applied to some extent i n  the humid region. but it is 
realized that insect depredations and other factors of such character may 
upset the practical utility of such a practice in a humid, region . 
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to bring the plants through the period of summer depression in a healthy 
condition for setting a crop under favorable conditions which normally 
occur in August and September . 
Table 4.-Rainfall at  Spur in inches. by 10-day periods. 1912.1928. inclusive 
10-day average 
for 17 years 
calculated t o  
30-day perlod 
.37 
.31 
.23 
.25 
.69 
.72 
.79 
.84 
1.35 
1.91 
1.44 
3.74 
3.22 
2.87 
2.82 
4.20 
2.20 
1.46 
1.64 
1.03 
2.86 
2.62 
2.44 
3.40 
2.28 
3.45 
2.99 
3.00 
3.21 
1.94 
.92 
.62 
-89 
.98 
.58 
.41 
10-day 
total for 
17 years 
2.13 
1.77 
1.45 
1.44 
3.92 
3.29 
4.52 
4.81 
8.44 
10.84 
8.21 
21.23 
18.26 
16.30 
17.62 
23.82 
12.47 
8.28 
9.33 
5.85 
17.99 
14.89 
13.87 
21.22 
12.93 
19.60 
16.99 
17.03 
18.22 
12.14 
5.26 
3.52 
5.06 
5.59 
3.32 
2.50 
Monthly 
average. 
17 years 
. 3i4' 
. 508' 
1.045 
2.369 
3:069' 
i 
1.951 
2:94i' 
. . . . . .  
2 
. . . . . .  
2 7 8 7  
. 8i4' 
. 676' ' 
Period 
January 1-10 
11-20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
21-31 . . . . . . . . . . . . . . . . . . . .  
February 1-10 
11-20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
21-28 . . . . . . . . . . . . . . . . . . . .  
March 1-10 
11.20 
21-31 . . . . . . . . . . . . . . . . . . . .  
April 1-10 
11-20 
. . . . . . . . . . . . . . . . . . .  21-30 
May 1-10 
11-20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
21-31 . . . . . . . . . . . . . . . . . . . .  
June 1-10 
11-20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
21-30 . . . . . . . . . . . . . . . . . . . .  
July 1-10 
11-20 
. . . . . . . . . . . . . . . . . . . .  21-31 
August 1-10 
11-20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
21-31 . . . . . . . . . . . . . . . . . . . .  
September 1-10 
. . . . . . . . . . . . . . . . . . . . . . .  11-20 
21-30 . . . . . . . . . . . . . . . . . . . .  
October 1-10 
11-20 . . . . . . . . . . . . . . . . . . . . . . .  
21-31 . . . . . . . . . . . . . . . . . . . .  
November 1-10 
11-20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
21-30 . . . . . . . . . . . . . . . . . . . .  
December 1-10 
11-20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
21-31 . . . . . . . . . . . . . . . . . . . .  
Monthly 
total. 
17 years 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.35 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8.65 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
17.77 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
40.28 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
52.18 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
44.57 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
33.17 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
50.01 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
49: 52 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4i.35 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
13.84 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11.50 
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Rains Classified as to Size 
. A classification of the 861 rains during the seventeen-year period ac- 
cording to size is given in Table 5. The total rainfall for this period 
was 374.23 inches, with 170.44 inches occurring in  rains of less than one 
inch, 203.79 inches in  rains greater than one inch, and 104.40 inches in 
rains greater than two inches. The heavier rains occurred during the 
growing season. Of the 35 rains of over two inches, eight occurred in 
June, and seven in August, with only three in July. Over 50 per cent 
of the rainfall during June and August occurs in  rains of over two inches. 
Figure 15 shows the percentage of the total water losses from runoff by 
months with over one-third of the total occurring in August. 
All the rain periods of over two inches for seventeen years, 1912 to 
1928, are shown in Table 6. During this time there were three years, 
11917, 1918, and 1924, that did not have a rain period of over two inches; 
there were four years that had only one rain period over two inches. 
There have been only four rain periods in  the seventeen years with a 
total rainfall over five inches. Heavy rain periods (two inches and 
more) do not occur frequent.ly, there being an average of two and one- 
half such rain periods a year. 
Relation of Character of Rainfall to Runoff 
The normal seventeen-year rainfall for July and August combined is 
4.89 inc'hes. I n  1926 and 1928 the rainfall for this period was 14.41 
and 9.12 inches, respectively, or 2.4 times normal. Forty-four per cent 
of the total runoff for the three years occurred in July and August, 1926, 
I 
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Fig. 14. The rainfall by 10-day periods showing two rain peaks in the spring, with a 
rather long dry period from the last of June through July and the first part of August. 
The depressed rainfall during the growing season emphasizes the need of storage of 
water in the soil a t  the time of spring rains, as  a reserve supply for crop use in mid- 
summer. 
Table 5.-Rain periods a t  Spur classified according to size, 1912-1928, inclusive. 
Rainfall of over 2 inches 
-
No. 
0 
0 
0 
2 
6 
8 
3 
7 
5 
4 
0 
0 
35 
Rainfall of over 1 inch Average 
ram, 
inches 
.214 
.210 
.341 
.491 
.457 
.441 
.436 
.510 
.495 
.55l 
.?29 
.261 
. . . . . . . .  
Rainfall of less 
than 1 ~ n c h  Num,ber 
of rams 
25 
41 
52 
8'2 
114 
101 
76 
98 
100 
86 
42 
44 
861 
Months 
January.. . . . . . . . . . . . . . . . .  
February . . . . . . . . . . . . . . . . .  
March . . . . . . . . . . . . . . . . . . .  
April.. . . . . . . . . . . . . . . . . . . .  
May . . . . . . . . . . . . . . . . . . . . .  
June.. . . . . . . . . . . . . . . . . . . .  
July . . . . . . . . . . . . . . . . . . . . .  
August.. . . . . . . . . . . . . . . . . .  
September.. . . . . . . . . . . . . . .  
October. . . . . . . . . . . . . . . . . .  
November. . . . . . . . . . . . . . . .  
December. . . . . . . . . . . . . . . .  
Total . . . . . . . . . . . . . .  
-
Total 
.OO 
.OO 
.oo 
5.26 
17.28 
23.56 
10.85 
25.11 
11.44 
10.96 
.OO 
.OO 
104.46 
- 
Percent 
.OO 
14.10 
21.32 
30.77 
53.85 
77.42 
55.41 
74.80 
56.38 
64.80 
20.59 
25.13 
. . . . . . . .  
-
No. 
0 
1 
3 
10 
14 
16 
8 
16 
16 
19 
2 
2 
, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ - - -  
107 
Total 
ramfall, 
inches 
5 .35  
8.65 
17.77 
40.28 
52.18 
44.57 
33.17 
50.01 
49.52 
47.39 
13.84 
11.50 
374.23 
-
Per cent 
.OO 
.00 
-00 
13.05 
33.11 
52.86 
32.17 
50.20 
23.10 
23,12 
.OO 
.OO 
. . . . . . . .  
-
Total 
.OO 
1.22 
3.79 
16.02 
28.10 
34.50 
18.38 
37.41 
27.92 
30.71 
2.85 
2.89 
203.79 
- 
Percent 
_ _ _ _ _ _ _ - - - - - - -  
100.00 
85.89 
78.67 
- 60.22 
46.14 
22.59 
44.58 
25.19 
43.61 
35.19 
79.40 
74.86 
. . . . . . . .  
-
No. 
25 
40 
49 
72 
100 
85 
68 
K2 
84 
67 
40 
42 
754 
-
Total 
5.35 
7.43 
13.98 
24.26 
24.08 
10.07 
14.79 
12.60 
21.60 
16.68 
10.99 
8.61 
170.44 
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and 16 per cent in July and August, 1928, or a total of 60 per cent for 
the three years has occurred in the four months-July and August, 192G, 
and July and August, 1928. The character of the rainfall (Tables 10, 
11, and 12) was not more torrential. during this period than for other 
periods, but the large amount of rain saturated the soil and the runoff 
was undoubtedly due more to the water content of the soil than it  was 
to the character of the rains. 
Table 6.-Rain periods a t  Spur of over two inches, 1912-1928. inclusive 
June 17-18.. . . . . . . . . . . . . . . .  
June30 . . . . . . . . . . . . . . . . . . .  
September 2 .  . . . . . . . . . . . . . .  
September 25. . . . . . . . . . . . . .  
October 1-3.. . . . . . . . . . . . . . .  
May 29-31. . . . . . . . . . . . . . . .  
July 3.. . . . . . . . . . . . . . . . . . . .  
August 24-30. . . . . . . . . . . . . .  
October 21-25.. . . . . . . . . . . . .  
March 9-11.. . . . . . . . . . . . . . .  
Ap~l l  15-18.. . . . . . . . . . . . . . .  
June 5-7.. . . . . . . . . . . . . . . . . .  
September 21-25. . . . . . . . . . .  
October 12-17 . . . . . . . . . . . . .  
October 13-15.. . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
March 22-24.. . . . . . . . . . . . . .  
. . . . . . . . . . . . . . .  A D ~ I ~  25-28. 
July 20.. . . . . . . . . . . . . . . . . . .  
September 14-20. . . . . . . . . . .  
October 5-9.. . . . . . . . . . . . . . .  
May 15 . . . . . . . . . . . . . . . . . . .  '2.30 
M a y 2 3  . . . . . . . . . . . . . . . . . . .  3.17 
August 16-23. . . . . . . . . . . . . . .  4.62 
- 
June 2-7.. . . . . . . . . . . . . . . . . .  3.35 
September 21. . . . . . . . . . . . . .  2.10 
May 1-3.. . . . . . . . . . . . . . . . . .  2.14 
June 8-9.. . . . . . . . . . . . . . . . . .  3.30 
October 13-15.. . . . . . . . . . . . .  4.30 
July 28-31.. . . . .  
Aueust 7-9. . . . .  
September 14. . .  
Apri! 20-27. . . . .  
July 7-10.. ..... 
July 25-30.. . . . .  
August 16-18. . .  
August 28-31. . .  
September 26-20 
October 15-16. . .  
September 25-28 
May 13-21.. .... 
July 21-31.. . . . .  
. . . . . . . . . . . . . . . .  Total. 
Total for 17 years, 374.23. Per cent of rainfall coming in rain period of over 2 inches. 37.81. 
I 
Jsn NO ,oercPnA 
Feb. No percen f 
Mdrch I 
Am/ I 
M.u - 
June L 
Se,d - 
Ocri 
Nov. 
Dec. 
N o  percent  
I 
0 10  2 0 30 4 0 50 
per cenf 
Fig. 15. Percentage of total runoff from all plats occurring monthly, i926-1928. 
Over one-third of the total water losses for the year occurred during the month of 
August, which is the normal month for crop fruiting, and the time when the demand for 
water is the greatest. 
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The heavy rainfall in July and August of these years is unusual. The 
only other rain period in the seventeen years (Table 2 )  that approaches 
the heavy rains of 1926 was in &fay, 1914. Runoff losses occurring in 
July and August, 1926 and 1928, although accounting for 60 per cent 
of the runoff for the three-year period, did not reflect so much in crop . 
yields as other smaller losses have when water was more of a limiting 
factor. The relative small losses occurring with the torrential rains of 
May 18 and June 11, 1928, occurring a t  a time when moisture was badly 
needed, reflected on crop yields more than the heavier losses occurring in 
July and August. The loss of 77 per cent of the torrential rain on July 
9, 1926, would have been disastrous to the crop yield of that year had i t  
not been for the abundant rainfall that followed. 
The data have furnished evidence in abundance that runoff is influ- 
enced by the water content of the soil. On the other hand, it is a com- 
mon observation of soil physicists that extremely dry soil will not absorb 
water so readily as soil containing a fair percentage of moisture. This 
law cannot be verified from data during the three years of this study, nor 
can specific cases be given in this period, because the water content of 
the soil was sufFiciently large at  all times to allow rapid absorption. 
There are, however, a number of interesting cases in  other years that 
may be cited. I n  1920 torrential rains of 1.30 inches and 2.74 inches 
fell on April 24 and April 27, respectively. There had been less than 
two inches of rainfall for the seven-month period preceding these rains. 
The seed bed had been prepared for spring planting, but the soil was 
very dry. Following these successive rains, totaling 4.04 inches, there 
was insufficient moisture to germinate cotton, grain sorghum, or cow 
peas, on plowed land and the moisture did not meet under the beds of 
listed land. Identically the same thing happened with a rain of 1.77 
inches on June 9, 1916. Observations such as these have led to the aub- 
stituting of a clod mulch for the dust mulch and for abandoning the drag 
harrow as a farm implement in subhumid regions, as this implement 
places the soil surface in a condition which is conducive to increasing 
runoff. 
Table 7.-Influence of July and August rainfall on runoff. 
-- 
Average rainfall July and August 17 years 4.89. 
60.42 per cent of runoff occurrini July and August, 1926 and 1928. 
43.83 per cent occurred July and August, 1926. 
Average 
annual 
runoff 
from 
eight 
plats 
.6.95 
.91 
2.59 
Year 
1926 
1927 
1928 
Total 
annual 
rainfall, 
inches 
38.08 
16.12 
19.99 
July and August Rainfall, Inches 
Total 
14.41 
2 .25  
9.12 
Number 
of rams 
producing 
runoff 
7 
1 
8 
Average 
runoff 
from 
eight 
plats 
4.58 
.03 
1.64 
Total 
producing 
runoff 
13.91 
.92 
6.84 
Tota! 
torrentla1 
producing 
runoff 
6.44 
.55 
4 .64  
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EXPERIMENTAL DATA FROM CONTROL PLATS 
Effectiveness of Rainfall 
4 
Rainfall may be classified as effective and ineffective. Effective rain- 
fall is that which is stored in the soil and subsequently used by plants. 
Ineffective rainfall is that which has no value in so far as plant growth 
is concerned. Rainfall may be ineffective by occurring as small infre- 
quent showers, which are lost quickly through evaporation. Other rains 
may be rendered largely ineffective through runoff. Rainfall may occur 
out-of-season for the crop grown and be partially lost through evapora- 
tion, percolation, or transpiration in weed growth before the crop has 
an opportunity to use it. 
An attempt has been made to determine the moisture absorbed by the 
soil during the three years in which these studies have been in progress 
(Table 8). The rainfall for the three years averages 21.36 inches, of 
which 4.85 inches fell as small showers, and 3.63 inches were lost by 
runoff from cotton land with a 2 per cent gradient, leaving a balanci 
available for plant growth of 12.88 inches. It is assumed that some part 
of this remainder was lost by percolation and evaporation and, accord- 
ingly, the total amount of rainfall actually used by crops was probably 
less than 10 inches annually. The rainfall for 1927' was six inches below 
normal and the ineffective light showers were numerous, so the runoff 
was very small. I n  1926 the runoff was heavy and the ineffective show- 
ers were few. These two factors seem to have a tendency to balance each 
other, and it is probable that the amount of soil moisture available for 
plant use does not vary as widely from year to year as does the rainfall. 
Table 8.-Effectiveness of annual rainfall. 
*From June 18 to December 31 1926 
**The amount lost through evap&ation and percolation is not accounted for in these figures. 
Seasonal Runoff 
Attention has been called to the seasonal distribution of rainfall and 
its importance to crop production. The total monthly loss in water by 
runoff from each of the eight control plats for each of the three years 
in which this work has been in progress, together with the average 
monthly loss, is shown in Table 9. Figure 15 is a graphic representa- 
tion of these losses expressed in percentages, and indicates the seasonal 
periods in  which losses occur. I t  is significant that July and August 
Lost as runoff 
from 2 per cent 
grade planted 
to cotton 
7.13 
.57 
3.19 
3 .63  
Ineffective 
small showers 
~nches 
2 .50  
6.59 
5.47 
4 . 8 5  
Year 
1926* . . . . . . . . . . . . . . . . . . . .  
1927 . . . . . . . . . . . . . . . . . . . . .  
1928 . . . . . . . . . . . . . . . . . . . . .  
Average. . . . . . . . . . . . . .  
**Effective 
rainfall, 
inches 
18.36 
8.96 
11.33 
12.88 
Rainfall, 
inches 
27.99 
16.12 
19.99 
21.36 
Dec. 
'?I 
* 
.03 0 
.OO g 
.OO 
.01 
E 
. l l  P 
z 
.OO 4 
.OO g 
.04 
z 
0 
.OO z : 
0 
.01 Y r 
.48 2 *
.OO u 
.OO 
.I6 2 
m 
.40 Z 
.OO 0 
.OO z 
.13 
.OO 
.oo 
.OO 
.OO ~5 
4 
Table 9.-Runoff from control plats, in inches per month, 1926-1928. 
Oct. 
.35 
.OO 
.OO 
-12 
1.11 
.OO 
.OO 
.37 
1.20 
.oo 
.OO 
.40 
3.03 
.37 
.OO 
1.13 
3.23 
.36 
.08 
1.22 
_ _ _ _ . _ _ _ _ - _ _ - -  
.52 
. 00 
.OO 
.17 
Nov. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
----
0 
0 
0 
0 
0 
Aug. 
.47 
. 00 
.23 
.23 
2.90 
.OO 
.71 
1.20 
3.22 
.oo 
.87 
1.36 
4.76 
.OO 
.93 
1.90 
4.74 
.OO 
1.49 
2.08 
1.77 
.OO 
.09 
.62 
July 
.07 
.OO 
.12 
.06 
2.04 
.OO 
.95 
1.00 
1.89 
.oo 
1.27 
_ _ _ - _ _ _ - - - -  
1.05 
2.78 
.OO 
1.63 
1.47 
2.65 
.25 
2.45 
1.78 
1.66 
.OO 
. l l  
_ _ _ _ _ _ ~ - - -  
.59 
Sept. 
.03 
.OO 
.OO 
.01 
.22 
.OO 
.OO 
.07 
.23 
.oo 
.OO 
.08 
___------ 
.94 
.68 
.OO 
p___L__pppp 
.54 
.60 
.90 
.OO 
_ 
.50 
.04 
.OO 
.OO 
.01 
May 
.OO 
. 00 
.12 
.04 
.OO 
.OO 
.50 
:17 
.OO 
.oo 
.58 
.19 
_ 
.OO 
.OO 
.93 
.31 
.OO 
.00 
1.51 
- _ _ _ _  
.50 
.OO 
-00 
.OO 
.00 
April 
. .OO 
.OO 
.OO 
.OO 
.OO 
.OO 
.OO 
.OO 
.OO 
.oo 
.OO 
.00 
.OO 
.OO 
.OO 
.OO 
.OO 
.14 
' .OO 
.05 
.OO 
.00 
.OO 
.OO 
Plat 1-Level. 
Cotton.. . . . . . . . . . . . . . . . . . . .  
Cotton . . . . . . . . . . . . . . . . . . . . .  
Cotton . . . . . . . . . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . .  
Plat 2-1 per cent grade. 
. . . . . . . . . . . . . . . . . . . . .  Cotton 
Cotton . . . . . . . . . . . . . . . . . . . . .  
Cotton . . . . . . . . . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . .  
Plat 3-2 per cent grade. 
Cotton . . . . . . . . . . . . . . . . . . . . .  
Cotton.. . . . . . . . . . . . . . . . . . . .  
Cotton . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  Average 
Plat 4-2 per cent grade. 
Fallow cultivated. . . . . . . . . . .  
Fallow cultivated.. . . . . . . . . . .  
Fallow cultivated.. . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  Average 
Plat 5-2 per cent qrade. 
Fallow not cult~vated. . . . . . .  
Fallow not cultjvated . . . . . . . .  
Fallow not cultivated. . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . .  
Plat 6-2 per cent grade. 
Buffalo grass. . . . . . . . . . . . . . .  
Buffalo grass. . . . . . . . . . . . . . .  
Buff a10 grass. . . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . . .  
June 
- _ _ _ - - - - - p  
.08 
.21 
. l l  
_ - - _ _ _ - - - - .  
.13 
---------- --
.52 
.37 
.45 
- _ _ _ _ _ _ _ _ p - p - p .  
.45 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - ~ ~ -  
.57 
.57 
.46 
.53 
.32 
.79 
.56 
.56 
- _ _ _ - - r  
.46 
1.55 
.87 
.96 
_ _ _  
.47 
.OO 
.OO 
.16 
1926 
1927 
1928 
1926 
1927 
1928 
1926 
1927 
1928 
1926 
1927 
1928 
1926 
1927 
1928 
1926 
1927 
1928 
Feb. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
- _  
0 
0 
0 
--
0 
0 
0 
0 
0 
- -
0 
0 
0 
0 
Jan. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Mar. 
.OO 
.OO 
.OO 
.OO 
.OO 
.OO 
.OO 
.OO 
.OO 
.oo 
.OO 
.OO 
.OO 
.OO 
.OO 
.OO 
.OO 
.38 
.05 
.14 
.OO 
.00 
.OO 
.OO 
fA I-' 
Tab'e 9--Runofl from controllplats, in inches per month, 1926-1928- Continued. 
Plat 7-2 per cent grade. 
Milo.. . . . . . . . . . . . . . . . . . . . . .  
Milo.. . . . . . . . . . . . . . . . . . . . . .  
Milo.. . . . . . . . . . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . .  
Plat 8-3 per cent grade. 
Cotton . . . . . . . . . . . . . . . . . . . . .  
Cotton . . . . . . . . . . . . . . . . . . . . .  Cotton . . . . . . . . . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . .  
percentage of average annual 
r a n d  occurring monthly. 
1926 
1927 
1928 
1926 
1927 
1928 
. . . . . . . .  
Jan- 
----- 
0 
0 
0 
0 
------ 
0 
0 
0 
0 
0 
Feb. 
0 
O 
0 
0 
0 
0 
--- 
0 
0 
Mar. 
.oO 
.00 
.oo 
a00 
.oo 
. oo 
-00 
.5O 
April 
.OO 
.OO 
.OO 
.OO 
.OO 
.oo 
. 0o 
.OO 
--------- 
.14 
- 
May 
.OO 
.OO 
.17 
.06 
--- 
.OO 
: 
.18 
5.16 
June 
.48 
.18 
.19 
.28 
.38 
.56 
.46 
.47 
12.69 
July 
1.37 
.OO 
.OF 
- - - - - - - - - - - - ~ - - ~ ~ ~  
.48 
1.62 
.oo 
1.07 
.90 
26.59 
Ang. 
--------- 
2.08 
.OO 
.42 
.83 
2.64 
.oo 
.70 
-------- 
1.11 
33.83 
Nov. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Dec. 
.01 
.OO 
.oo 
.oo 
.02 
.oo 
.oo 
. .01 
1.16 
Sept. 
.07 
.OO 
.OO 
.02 
-------
.15 
0 0  
.OO 
.05 
4.51 
Oct. 
1.60 
.OO 
.OO 
.53 
.87 
.oo 
.OO 
.29 
--
15.38 
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are the two months in which the heaviest losses occur. The losses during 
these two months amount to 60.42 per cent of the total losses for the year. 
During the month of August 33.53 per cent of the total water 
occurred. 
The fact that these heavy losses occur during the period when the 
growing crop is making its heaviest demands for moisture probably ex- 
plains the marked increases that have been secured in crop yields through 
checking the runoff. It is rather surprising that the month of July, 
which is the period of low rainfall between the early June and late Au- 
gust peaks, should show such a heavy loss. This mag be due in part to 
the abnormally heavy rainfall in July in 1926, and it is probable that 
when records for a longer period are available the average losses for July 
mill not be so large. It is realized that a three-year average is a short 
period from which to draw conclusions, but the presentation of the data 
for this short period of time will a t  least indicate the trend of seasonal 
loss in this region. 
Rapidity of Precipitation in Relation to Runoff 
An attempt has been made to study runoff as influenced by the in- 
tensity of the rainfall. The self-recording rain gauge has made i t  pos- 
sible to measure the rainfall occurring at any given period, so that the 
fall can be classified as to intensity. On the other hand, the runoff oc- 
curring was obtained only for the total rainfall periods, and cannot be 
classified for the different periods of intensity. Nevertheless, a classi- 
fication of the rainfall as to its intensity has been made as follows : 
( 1 )  Torrential rainfall, including all  rainfall which occurs a t  a rate greater 
t!han .75 inches per hour; 
( 2 )  Medium rainfall, including all rainfall which occurs a t  a ra te  between 
.40 and .75 inches per hour; 
( 3 )  Slow rainfall, including all rainfall which occurs a t  a ra te  of less than .40 
inches per hour. 
The classification of rainfall for each of the rain periods producing 
runoff during the three years, together with the percentage of runoff for 
the period for each of the plats, is shown in  Tables, '10, 11, and 12. 
Inasmuch as the intensity of the rain as it varied in any rain period 
can only be considered in connection with the total runoff for the period, 
it is well to point out some individual rains that may indicate the rela- 
tionship between intensity of the rain and runoff. The rainfall on July 
9, 1926, shown in Table 10, totaling 1,63 inches, 94 per cent of which 
has been classified as torrential, had an average loss from the eight plats 
of 77.07 per cent. This period was largely a period of torrential rain- 
fall and with a heavy runoff. On the other hand, it is significant that 
this rainfall followed the day after a rainfall of .92 inches, which prob- 
ably left the soil fairly well supplied with moisture and contributed to 
the runoff. 
Table 10.-Rapidity of rainfall in relation to runoff water from control plata, 1926 
*P!at overflowed. 
Per 
cent 
water 
lost 
from8 
plats 
- 
30.71 
5.72 
77.07 
25.90 
16.61 
28.94 
34.31 
40.71 
36.90 
2.33 
32.47 
36.15 
22.89 
8.06 
-
........ 
29.87 
Water 
fell 
on 8 
plats, 
gals. 
-- 
3881 
21365 
4721 
5089 
8487 
6894 
4692 
7732 
840 
8572 
5358 
3070 
6430 
4837 
___ 
73280 
Total 
rain- 
fall, 
inches 
- 
1.34 
.92 
1.63 
1.75 
2.93 
2.38 
1.62 
2.68 
.29 
2.96 
1.85 
1.06 
2.22 
1.67 
-
25.30 
.............. 
Date of rain 
June 18.. ....... 
July 8 ......... 
July 9 ......... 
July 26.. . ...... 
Aug. 2.. ....... 
Aug. 16.. . . . . . . .  
Aug. 24.. . . . .... 
Aug. 31.. . . . . . . .  
Sept. 3. .  ....... 
Sept. 29.. . . . . . . .  
Oct. 4.. . . . . . . .  
Oct. 11.. .. . . . . .  
Oct. 16.. ....... 
Dec. 6.. . ...... 
Total ......... 
Average per cent.. 
Per cent of water lost as runoff 
Water 
lost 
from 8 
plats, 
gals. 
-- 
1192 
152.5 
3638.5 
1313 
1410 
1995 
1610 
3160 
310 
200 
1740 
1110 
1472 
390 
- 
19693 
. . . . . . . . . . . . . . . .  
Plat 1 
0 per 
cent 
cotton 
- 
5.98 
.0? 
3.95 
4 24 
7:54 
8.52 
1.03 
4.76 
.47 
8.96 
7.81 
4.98 
1.65 
4.08 
Character of rain 
Plat 5 
2 per 
cent 
fallow 
not culti. 
- 
31.42 
19.51 
94.04 
53.65 
21.21 
58.02 
58 82 
66.47 
76.19 
13.06 
67.93 
70.35 
55.36 
23.98 
-
.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
47.78 
Plat 2 
1 per 
cent 
cotton 
-- 
39.16 
! .OC 
95.74 
27.62 
19.32 
I '23.79 ) 33.25 
Y5.86 
33.33 
! 14.20 
. 92.39 
126.06 
, 18.91 
6.61 
-
27.31 
Plat 6 
2 per 
cent 
tuffdo 
grass 
-- 
35.01 
3.75 
81.76 
16.89 
15.55 
11.02 
11.08 
32.46 
14.29 
.OO 
13.44 
20.84 
2.49 
.00 
__- 
17.65 
Slow Torrential Plat 3 
2 per 
cent 
cotton 
- 
42.46 
.OO $34.72 
29.20 
:18.85 
: 36.56 
'4.5.18 
39.68 : '42.86 
3.73 ! 25.38 
32.57 
, '!7.42 
'1.16 
-
28.20 
-- 
Medium 
-
In- 
ches 
-- 
.14 
.25 
.10 
.OO 
.OO 
.10 
1.02 
:.95 
.OO 
2.14 
.70 
.26 
2.22 
1.67 
-
9.55 
37.74 
- 
In- 
ches 
- 
.OO 
.OO 
1.53 
1.10 
1.73 
1.38 
.60 
1.10 
.29 
.10 
1.15 
.80 
.OO 
.OO 
-
8.78 
34.70 
P!at 7 
2 per 
cent 
milo 
26.07 
!TI 
83.03 
'1.10 
: 11.78 
16.83 
. 20.46 
'37.62 
1?.05 
.47 
38.82 
63.42 
14.31 
) .83 
-
22.24 
--------- 
Plat 4 
2 per 
cent 
fa!Iow 
culti. 
- 
24.32 
22.52 
01..50 
31.87 
22.15 
59.19 
62.23 
'63.38 
. 76.10 
24.26 
65.69 
62.53 \ '52.25 
, 25.94 
48.74 
- 
In- 
chea 
- 
1.20 
.67 
.OO 
.65 
2.20 
.90 
.OO 
.63 
.OO 
.72 
.OO 
.OO 
.OO 
.00 
-
6.97 
27.54 
-- 
Per 
cent 
- 
11 
27 
6 
0 
0 
4 
63 
35 
0 
72 
38 
25 
100 
100 
-
...... 
- 
Per 
cent 
- 
0 
0 
94 
63 
25 
58 
37 
41 
100 
4 
62 
75 
0 
0 
-
...... 
...... 
Pla: 8 
3 per 
cent 
dotton 
2 ~ . 2 4  
kT.1 
85.74 
12.94 
19.79 
18.57 
34.95 
39.16 
28.57 
,2.33 
1 17.17 
15.63 
17.42 
' 1.32 
22.47 
- 
Per 
cent 
- 
89 
7? ! O  
37 
75 
38 
0 
23 
I Q 
24 
0 
0 
0 
0 
-- 
...... 
...... 
Date of rain 
Mar. 31.. . . . . . . . 
April 12.. . . . . . . . 
June 1 . .  . . . . . . . 
June 14.. . . . . . . . 
June 23.. . . . . . . . 
June 30.. . . . . . . . 
July 24.. . . . . . . . 
Sept. 6 ..... .... 
Sept. 29.. . . . . . . . 
Oct. 10 ........ . 
Total.. .. . . . . . 
Average per cent. 
Tat le  11.-Rspidity of rainfall io relation to runoff water from control plats, 1927 
Wat3r 
L jlost 1 
from :S 
plats, 
gals. 
Per 
cent 
water 
1090 
from 8 
plats 
Water 
fell 
on 8 
plats, 
ga!s. 
2691 
1014 
408' 
582: 
1101 
13% 
2(X! 
382: 
Character of rain 
Total 
ram- 
fall, 
inches 
.93 
.35 
1.41 
2.01 
.38 
.48 
.92 
1.32 
Torrential 
254! 
Per cent of ma~er  lost a3 runoff 
In- 
ches 
.83 
.35 
1.35 
.35 
.oO 
. 4S  
.55 
.60 
2.24 
Medium 
Per 
cent 
89 
100 
88 
17 
0 
100 
59 
46 
1 .  
.88 
In- 
ches 
.OO 
.OO 
.CU 
.25 
.00 
.OO 
.37 
.OO 
Slow 
62 
.UO 
Plat 7 
2 per 
cent 
milo 
.OO 
.OO 
12.75 
.OO 
.OO 
.OO 
.00 
.00 
------ 
Per 
cent 
0 
0 
0 
13 
0 
0 
41 
0 
.25 
In- 
ches 
_ _ _ _ -  
.10 
.00 
.16 
1.41 
.48 
.00 
.00 
.72 
0 
-
10.92 
. . . . . . . . 
_ _ _ _ - - - - - -  
Plat 4 
2 per 
cent 
fallow 
culti. 
.03 
.OO 
30.85 
9 . E  
.03 
34.52 
.OO 
.00 
Plad 3 
2 per 
cent 
cotton 
- 
.00 
.OO 
24.00 
6.18 
.00 
23.02 
.OO 
.00 
Plat 1 
0 per 
cen: 
cotton 
.OO 
.00 
13.71 
T 
.OO 
2.88 
.OO 
.00 
Plat d 
3 pcr 
cent 
cotton 
.OO 
.OO 
27.91 
4.81 
V.00 
11.39 
.00 
.OO 
11 
.58 
Per 
cent 
11 
0 
12 
70 
100 
0 
'0 
54 
.60 
-
5.80 
53.11 
Plac 2 
1 per 
1 bent 
cotton 
.OO 
.OO 
22.53 
1.37 
.03 
5.75 
..OO 
..00 
:: 66 26 .30 
-
. . . . . . 
. . . . . . 
12.37 
30.21 
Plat 5 
2 per 
cent 
fallow 
not 
culti. 
40.84 
39.46 
39.18 
37.10 
50.88 
11.51 
27.02 
18.88 
.OO 
.OO 
.00 
.00 , 64'3 
-
1 45 
13.27 
34 40.80 
Plat 6 
2 :per 
cent 
buffalo 
--ppp- 
0 
0 
0 
0 
0 
0 
0 
0 
.OO 
..00 
-
. . . . . . 
. . . . . . 
-
3.67 
33.60 
28.98 
-
. . . . . . . . 
1.64 
-
. . . . . . 
. . . . . . 
P 
. . . . . . . . 
16.88 
c 
____ 
. . . . . . . . 
5.25 
-
. . . . . . . . 
1.89 
-- 
. . . . . . . . 3163( 
5.12 . . . . . . .  
____ 
. . . . . . . . 
3.41 
-- 
. . . . . , . . 
32.69 
-
. . . . . . . . 
0 
Tatle 12.-Rapidity of rainfall in relation to ruooff water from control plats, 1928 
Datc of rain 
........ Mar. 15. 
May 11.. 
May 13.. 
May 15.. ....... 
May 18.. . . . . . . .  
. . . . . . .  May 20.. 
. . . . . . .  June 4.. 
. . . . . . .  June 11.. 
......... July 17 
July 23.. . . . . . . .  
July 24.. 
....... July 30.. 
. . . . . . .  July 31.. 
. . . . . . .  Aug. 4.. 
. . . . . . .  Aug. 10. .  
Au?. 18.. 
....... Oct. 3 . .  
Total ......... 
Average per cent.. 
Character of rain . 
ToJal 
rain- 
f a  
inches 
-36 
.24 
1.55 
.27 
.98 
,.80 
.40 
.93 
.78 
1.65 
.32 
.83 
.32 
1.21 
8 
.70 
.43 
12.60 
. . . . . . . . . . . . . .  
--
Torrelltial 
- 
In- 
ches 
.36 
................... 
................... 
.27 
.08 
.36 
.40 
.03 
.78 
1.22 
................... 
.83 
.32 
1.21 
.38 
. . . . . . . . . . . . . . . . . . .  
.43 
8.47 
67.22 
Plat 1 
0 per 
cent 
cotton 
.03 
.03 
.03 
.03 
10.99 
1.72 
.00 
11.87 
.03 
3.34 
.OO 
8.31 
.OO 
19.40 
.OO 
.02 
.03 
4.69 
- 
Per 
cent 
100 
100 
100 
45 
100 
100 
100 
73.93 
100 
100 
100 
45.78 
100 
...... 
. . . . . .  
Mcdium 
Water 
fell 
on 8 
plats, 
ga!~ 
1042.72 
695.12 
4489.44 
782.00 
2838.48 
2317.12 
1158.56 
2693.68 
2259.20 
4779.12 
926.80 
2404.00 
936.80 
3504.64 
2404.00 
2027.52 
1245.44 
- - -  
36493.84 
Slow 
- 
In- 
ches 
.24 
.58 
.44 
.43 
.32 
. . . . .  
.70 
2.71 
21.50 
Plat 2 
1 per 
cent 
cotton 
.03 
.03 
.03 
.OO 
27.90 
25.34 
.OO 
49.00 
17.70 
22.50 
.03 
39.93 
34.52 
59.31 
.03 
.OO 
.OO 
20.91 
-
In- 
ches 
- - - -  
............ 
.97 
. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  
45 
... : 
. . . . . . . . . . . . . . . . . . . . . . . .  
1.42 
l! .27 
- 
Per 
cent 
. . . . . . . . . . . . . . . . . . . . . . . .  
100 
37.41 
55.00 
26.06 
100 
. . .  i00 
. . . . . .  
. . . . . .  
Water ' 
lost 
from 8 
plats, 
gal?. 
20 
0 
100 
47 
687 
750 
10 
1137.5 
387.5 
1265 
20 
845 
235 
1835 
115 
35 
30 
7509 
. . . . . . . . . . . . . . . .  
- 
Pcr 
cent 
62.58 
. . . . . . . . . . . . .  
. . . . . . . . . . . .  
. . . . . . . . . . . .  
54.21 
. . . . . . . .  
- _ _ _  
.... . .  
Per 
cent 
water 
lost 
from8 
plats 
1.91 
T 
2.22 
6.01 
24.20 
32.36 
8.63 
41.85 
17.15 
28.46 
2.15 
35.14 
25.35 
52.35 
4.78 
1.72 
2.40 
........ 
20.57 
Per 
Plat 3 
2 per 
cer!t 
cotton 
.03 
.03 
.03 
3.06 
23.11 
43.15 
.00 
50.48 
23.01 
32.64 
.03 
49.91 
43.15 
71.90 
.03 
.03 
.00 
25.31 
Plat 8 
3 per 
cent 
cott,on 
.03 
.03 
.OJ 
.00 
24.80 
36.25 
.03 
50.48 
15.03 
27.62 
.03 
44.92 
38.84 
58.20 
.03 
.02 
.00 
22.99 
cent of 
--------- 
P M  4 
2 per 
cent 
fallow 
culti. 
.03 
-03 
.00 
12.27 
43.96 
58.60 
.OO 
60.88 
34.52 
46.03 
4.31 
54.00 
43.15 
75.32 
.03 
3.94 
.00 
32.34 
water lost 
Plat 5 
2 per 
cent 
fallow 
not, 
culti. 
15.34 
T 
17.81 
32.73 
57.21 
74.22 
6.90 
91.32 
46.03 
79.51 
12.04 
73.20 
43.15 
91.30 
38.26 
9.86 
19.28 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
51.45 
as runoff 
Plat 6 
2 per 
cent 
buffalo 
.00 
.03 
.OO 
.03 
.03 
.03 
.On 
.OD 
.03 
.03 
.00 
1.66 
.OO 
7.98 
.OO 
.OO 
.00 
.87 
P!at 7 
2 per 
cent 
milo 
____pppp----p 
.OD 
.03 
.03 
.03 
5.63 
15.53 
.00 
20.78 
.03 
.03 
.OO 
8.31 
.00 
35.38 
.OO 
.03 
.03 
6.90 
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On September 29, 1921, shown in Table 11, a rainfall period of 2.24 
inches occurred, of which 62 per cent was classified as torrential rain. 
This rain came following a dry period of some days, the previous rain 
occurring on September 6. This rather heavy rain period, with more 
than half the rain classified as torrential, showed an average runoff loss 
of only 7.39 per cent for all the plats, and here again it is obvious that 
the moisture condition of the soil was an influencing factor. This same 
condition seems to have obtained for the rain periocl .of September 6, 
3921, 46 per cent of which was classified as torrential, and with a loss 
from only one of the eight plats. Still another rain period, June 1, 
1927, totaling 1.41 inches, 58 per cent of which was classified as tor- 
rential rain, lost an average of 21.36 per cent. This relatively small loss, 
from a rain period essentially torrential in character, followed a period 
during the month of May when there was practically no effective rainfall, 
indicating again that the water content of the soil is a material factor 
in the amount of runoff resulting from torrential rains. 
On August 4, 1928, a rainfall of 1.21 inches occurred, all of which 
was classified as torrential, and with an average runof£ loss of 52.85 per 
cent from the eight plats. This rainfall occurred four days after a rain 
periocl and the heavy losses can be credited in  part a t  least to the fact 
that the soil was fairly well filled with moisture. Torrential rains 
occurred on May 18, May 20, June 11, June 11, July 23, July 30, and 
August 4 in the year 1928, and, in all these cases, rather heavy runoff 
losses were recorded. It is significant that during this period there mere 
frequent effective rains. 
Table 13.-Relation of percentage of runoff to  days elapsed since preceding effective rain. 
Since the moisture condition of the soil has obviously affected the , 
runoff, the different rains from which runoff occurred during the three- 
pear period have been classified as to the number of days which had 
elapsed since the previous effective rain. On the basis of these classi- 
fications, the runoff in gallons for each of the eight control plats has 
been recorded, and the runoff expressed in percentages with results shown 
in Table 13. The results are graphically shown in Figure 16. It is  
obvious that in all of the plats the moisture condition of the soil as  
indicated by the nnmber of days since the preceding effective rain has 
Rank, 
accordma 
to lowest 
per cent 
runoff 
Plat 1 
Plat 6 
Plat 7 
Plat 8 
Plat 2 
Plat 3 
Plat 4 
Plat 5 
Treatment 
Level-cotton.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 per cent grade-buffalo grass. . . . . . . . . . . . . .  
2 per cent grade-milo.. . . . . . . . . . . . . . . . . . . . .  
3 per cent grade-cotton. . . . . . . . . . . . . . . . . . . .  
1 per ccnt gradecot ton .  . . . . . . . . . . . . . . . . . . .  
2 per cent grade-cotton. . . . . . . . . . . . . . . . . . . .  
2 per cent grade-fallow cultivated. . . . . . . . . .  
2 per cent grade--fallow: not cultivated. . . . . . .  
Per cent runoff 
21-54 days 
between 
rains 
4.6  0.0 
4 .0  
8.6 8.9 7.4 19.1 30.6 
0-10 days 
between 
rains 
4.6 
11.4 18.1 
23.7 
25.2 
27.9 
44.8 
53.1 
11-20 days 
between 
rains 
1.5 
7:2 
4.5 7.0 
10.5 11.9 
22.8 
28.2 
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Fig. 16. Relation of t ime of occurrence of preceding ra in  to runoff. 
been a material factor in the losses. The graph also sliows that the crop 
on the land, as it has undoubtedly influenced the moisture content of 
the soil, has been an influencing factor. This emphasizes the fact that 
the moisture content of the soil is an important factor in determining , 
the runoff from any given rain or  rain period, and i t  further emphasizes 
the necessity of measuring the inflow of water for a given rainy period 
in order to have comparable data as to the influence of intensity of the 
rainfall on runoff. 
Rapidity of Precipitation in Relation to Soil Erosion 
I 
I 
I n  the study of intensity of rainfall in relation to soil erosion, the ' 
same difficulties arise as apply to a study of intensity of rainfall in 
relation to runoff. The records classifying the rainfall in given periods 
as to intensity and a lack of a corresponding period classification of 
erosion taking place under these different intensities of rainfall, make 
it impossible to arrive at  any definite conclusion. 
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Zowever, by comparing the data presented in Table 14 for each of 
three years, and assuming that the erosiveness was equally great for 
the other rainfall as for torrential, i t  can be estimated that i n  1926 
~rosimately 14,000 pounds of soil per acre were lost from 8.78 inches 
of-torrential rain; whereas in 1925 approximately the same amount of 
torrential rain, 8.47 inches, resulted in a loss of approsi~nately 5,000 
pounds to the acre; whereas in 1927, when the torrential rain represented 
ahnut one-third of the total rainfall, n loss of only 1,000 pounds to the 
e is chargeable to torrential rainfall. 
Che fact that, in general, 20 per cent of the total rainfall Comes in  
ffective showers ancl causes no runoff, makes actually much wider 
erences than these estimated differences, and altogether the results 
icate that the los~es from torrential rains vary widely in  different 
sons and perhaps are influenced to a large degree by other factors 
n the intensity of the fall. 
Table 14.-Effect of torrential rains on erosion 
Erosion from Plat 3, 
Year cotton on 2 per cent grade, 
' pounds of soil per acre 
Effect of Slope of Land on Runoff 
ur plats are incllnded in the series of control plats having grades of 
. 
0, 1, 2, and 3 per cent. The data secured are shorn in Table 15, in 
which the runoff is expressed in inches per plat and in percentage. 
I n  general, the plats with 1, 2, and 3 per cent <grades have lost from 
fire to six times more water than the level plat. The 2 per cent grade 
lost slightly more water than the 1 per cent grade, but the difference 
is not comparable to the difference between the runoff from the 1 per 
cent grade and that from the level plat. The 3 per cent grade in every 
case lost less water than the 2 per cent grade. This is probably due to 
the filling in of soil to establish the grade, which process left this plat 
in condition to absorb more water than a natural 3 per cent grade would 
have absorbed. Some slight filling was necessarlv to establish the 2 per 
cent grade and this may account for no greater difference in loss be- 
tween the 2 per cent grade ancl the 1 per cent grade. Considering the 
fact that the soil on these grades has been in place for three years and 
apparently has been well settled by the repeated frequent and heavy falls 
of rain, i t  is surprising that the losses are not more nearly in proportion 
to the grade-in fact, these results indicate that,the losses are not in 
direct proportion to the steepness of the grade, and that large water 
losses occur on areas with -very little elope. 
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Table 15.-Influence of slope of land on runoff from plats planted to cotton, 1926-1928. 
Effect of Slope of Land on Soil Erosion 
,4 record of the soil losses obtained from each of the control plats, 
established on different control gradients and all of which was cropped 
to cotton, is presented in Table 16. It is observed that from the average 
of the three years, the soil loss is twice as great from the plat with 
1 per cent grade as it is from the level plat, and approximately three 
times as great from the plat with 3 per cent as from the plat with level 
grade. 
There is an indication that the losses of soil are more directly in 
proportion to the steepness of the grade than are the water losses. These 
results show rather conclusively that cultivated lands with as little slope 
as 1 per cent are in danger of being impoverished by losses of soil and 
soil fertility much more rapidly than level land. 
Slope 
. . . . . . . . . . . . . . . . .  Plat 1, Level.. 
Plat 2, 1 per cent grade.. . . ...... 
Plat 3 2 per cent grade.. . . . . . . . .  
Plat 8: 3 per cent grade.. . . . . . . . .  
Relation of Crops to Runoff 
Runoff in percentage 
It has long been recognized that vegetative coyer is effective in re- 
tarding the off-flow of water from the land. TTegetative cover in the 
form of forests, grass lands, and even cultivated crops forms a natural 
obstruction to the moyement of water. Not only is the live vegetative 
cover effective, but the little cover from plants further safeguards against 
the rapid movement of water and gives i t  more time to penetrate the soil. 
Four of the control plats, each with a 2 per cent grade, one planted 
to  cotton, one milo, one buffalo grass, and one fallowed, furnish some 
data as to the effectiveness of crqps over fallowing. The results obtained 
for the three pears in water losses from these plats are shown in Table 17. 
Runoff in inches* 
1926 
4.08 
27.31 
28.20 
22.47 
*The total amount of rainfall from which runoff occurred in 1926, 1927 and 1928 was 
25.30, 10.92, and 13.60 inches, respectively, wlth an annual average 01 16.27 inches. 
Table 16.-Influence of slope of land on soil erosion from plats planted to cotton, 1926-1928. 
-------- 
Av. 
-------- 
.61 
3.30 
3.63 
3.01 
1926 
1.03 
6.91 
7.13 
5.68 
1927 
1.89 
3.41 
5.25 
5.12 
Slope 
Plat 1, Level. . . . . . . . . . . . . . .  
Plat 2, I per cent grade. ..... 
Plat 3 2 per cent grade.. .... 
Plat 8: 3 per cent grade.. . . . .  
Surface soil eroded 
(Inches) 
1927 
.21 
.37 
.57 
.56 
1928 
4.69 
20.91 
25.31 
22.09 
1926 
.077 
.I42 
.I90 
.I97 
I.oss per acre (pounds) 
1928 
.59 
2.63 
3.19 
2.78 
Av. 
3.55 
17.21 
19.58 
16.56 
1927 
.006 
.011 
.010 
.015 
1926 
22,449 
41 ,303 
55,896 
57,342 
1928 
1,541 
11,336 
17,105 
14,788 
1927 
1,760 
3,234 
3,185 
4,588 
-------- 
Av. 
-------- 
8,583 
18 ,624 
25,395 
25,572 
1928 
.005 
.039 
.058 
.OsO 
A. 
.029 
.064 
.086 
.087 
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The fallowed plat shows an average annual loss of 6.08 inches, the cotton 
plat an average loss of 3.63 inches, the milo plat a loss of 2.22 inches, 
and the grass plat a loss of 1.53 inches. The heaviest loss from both the 
grass plat and the milo plat occurred during the first year, the losses 
from these two plats being relatively small in  the two succeeding years. 
The grass plat lost most heavily during the first year before the surface 
had become completely sodded. It is obvious that grass is very effective 
in preventing runoff. 
The relatively low water loss from the milo plat is attributed to the 
fact that milo is a heavy user of water, and also produced a large plant 
growth and crop residue that retards the fall and surface movement of 
water. The leaf sheaths of milo form a receptacle for water and retain 
a portion of the rainfall which is evaporated before it reaches the soil. 
Milo also draws heavily upon the water supply a t  the time of year when 
the greatest amount of runoff ordinarily occurs. 
Table 17.-Influence of crops on runoff from plats with 2 per cent grade, 1926-1928. 
LThe total amount of rainfall from which runoff occurred in 1926. 1927, and 1928 was 
30, 10.92, and 12.60 inches. respectiveiy, with an annual average of 16.27 inches. 
'able 18.-Influence of crops on erosion from plats with 2 per cent grade, 1926-1928. 
- 
Plat f 
Crop 
Plat 3, Cotton.. . . . . . . . . . . . . . . . .  
Plat I, Fallow.. . . . . . . . . . . . . . . . .  
P~~+Fj ,Buf fa loGrass  ............ 
7, Milo.. . . . . . . . . . . . . . . . . . .  
Runoff in percentage 
growir 
Runoff in inches* 
1926 
-------- 
28.20 
48.74 
17.65 
22.24 
Crop 
i. Buffa!o Grass ........ 
Milo.. .............. 
Cotton.. . . . . . . . . . . . .  
Fallow (cultivated). .. 
s interesting to note in Table 9 the effect the condition of the 
~g crop has on runoff. I n  Augr~et, 1926, the runoff from the milo 
as 2.05 inches, and from the corresponding cotton plat, 3.22 inches. 
g this period the milo plant was making its greatest demand on 
tne soil moisture. The milo plant matured and became dormant in 
September, while the cotton plant continued vigorous growth into Oc- 
tober. The runoff from the milo plat in October was 1.60 inches, and 
the cotton, 1.20 inches. 
Buffalo grass has been verv effective as a cover and has practi- 
1926 
7.13 
12.33 
4.47 
5.63 
--- 
1927 
5.25 
16.88 
0.00 
1.64 
--
1927 
.57 
1.84 
0.00 
.18 
Loss per acre (pounds) 
1928 
25.31 
32.34 
.87 
6.90 
Surface soil eroded (Inches) 
1928 
3.19 
4.07 
. l l  
.87 
- 
Av. 
19.58 
32.65 
6.17 
10.26 
1926 
.077 
.I09 
.I90 
.280 
1926 
22 640 
31 '733 
55'986 
81 :459 
--- 
Av. 
3.63 
6.08 
1.53 
2.22 
1928 
171 
1 872 
17'105 
23 :437 
1927 
0 
887 
3 1235 
6 :922 
--------- 
Av. 
-------- 
7,603 
11 497 
25'395 
37 :272 
1927 
.OOO 
.003 
.010 
023 
1928 
.005 
.006 
,058 
.080 
Av. 
.026 
.039 
.086 
.I27 
I 
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I 
cally eliminated the loss through runoff during the years 1927 and 1925. 1 It emphasizes the importance of maintaining on grazing lands a goc - 
grass cover and indicates that heavy losses can occur on grazing Ian( 
when these are overstocked and the grass cover partially destroyed. 
The fallow plat furnishes a splendid example of what is taking plal 
on orchard lands. The cultivation and covering on orchard land, wit 
the exception of the tree cover, is very much the same as on the fallo 
plat. It is obvious that the terracing of orchard lands will facilita 
the absorption of water and greatly increase the chances of profitah,,. 
production in farm orchards in this section. 
Grade Zperced 
I 
Runoff Inches o 5 ro /CF zu t~ 
Fig. 17. Influence of slope on runoff from land planted to cotton. 
Grade 0 per cemf 
Grude / per red 
Grade 2 per reni' 
Fig. 18. Influence of ?lope on soil erosion from land planted to cotton. 
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Relation of Crops to Soil Erosion 
Vegetation is a contributing factor in  controlling erosion. The grass, 
when a solid turf has been established on the plat, has been very effective 
in preventing soil wastage. The plat planted to milo was second in 
effectiveness. I t  should be stated here that only the heads were harvested 
from the milo plat, the stalks, leaves, and roots being left to be incorpo- 
rated in the soil. 
The average of the three years (Table 18 and Figure 20) probably 
es not show the relative effectiveness of crops in checking erosion so 
11 as the average of the last two years, since the plats during the first 
ir were lacking in plant residues and the grass plat was not completely 
jded. The average soil loss in tons per acre during 1927 and 1928 
Fig. 19. Influence of crcp on runoff from land with a 2 per cent grade. 
Fig. 20. Influence of crop cn soil erosion from land with a 2 per cent grade. 
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was: Grass plat, .04; milo, .69; cotton, 5.07; and fallow, '7.59. Th 
data are in agreement with the general opinion that constant cropping 
to cotton is hard on the land and indicate that the ill effects are due 
largely to erosional losses as well as to plant food re~noved with the 
harvested crop. 
Influence of Tillage on Runoff 
Two control plats, both with a 2 per cent grade, were fallowecl, one 
cultivated and one not cultivated. Both plats, however, were kept free 
from weeds. The soil of the cultivated plat was spaded when the other 
plats in  the series were prepared. Subsequently cultivation was given 
from time to time in the same manner as the plats on which crops were 
grown. The water losses recorded from each of these plats are shown 
in Table 19. During the first Tear there was little difference in the 
runoff from the two plats, as both were spaded in June in establishing 1 
the grade, but in  the next two years the difference in  loss from the 
cultivated plat and from the plat not cultivated was between one-half 
and two-thirds. Such differences mean the difference in stol*a,ae of : 
Runoff Inches o s 10 /cr zo LS 
Fig. 21. Influence of tillage on runoff from land with a 2 per cent grade. 
I I I 
tm~/b/7-Zn~r per Acre o /a I 20 30 # 50 GO 70 
Fig. 22. Influence of tillage on soil erosion from land with a 2 per cent grade. 
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COI 
lan 
lsiderable amount of water and indicate the importance of preparing 
~d and thus putting it  in the best condition to absorb rainfall. 
Figure 21 shows graphically the results secured in each of the three 
Lrs in runoff from the two plats. 
Table 19.-Influence of tillage on runoff from plats with 2 per cent grade, 1926-1928. 
,'able 20.-Influence of tillage on erosion from plats with 2 per cent grade, 1926-1928. 
Treatment 
ow, Cultivated. . . . . . . . . . . . . . 
., not cultivated.. . . . . . . . . . 
Influence of Tillage on Soil Erosion 
The total amount of rainfall from which runoff occurred in 1926. 1927, and 1928 was 
30, 10.92, and 12. GO inches, respectively, with an annual average of 16.27 inches. 
 PI^ 
cul 
of 
m,-v 
Runoff in inches* 
Treatment 
ow, cultivated.. . . . . . . . . . 
ow: not cc!tivated. . . . . . . . 
--ie effect of cultivation on soil losses, as determined on two fallow 
ts (Table 20 and Figure 22), one being spaded in the spring and 
tivated and the other receiving no treatment at  all, with the exception 
having weeds pulled up or clipped with a hoe, is not in accord with 
st3neral opinion or findings in other erosion studies. The soil losses 
from the fallow plat not cultivated have been greater than on plats 
where cultivatioil was given. The average loss of soil from the fallow 
plat not cultivated for the three years, 1926-1928, has been over 20 tons 
" )il annually, and where cultivation mas given, 18 tons annually. 
erosional losses in 192'7and 1928 on the cultivated plat have been 
er cent of those from the plat receiving no cultivation. 
Runoff in percentage 
1926 
12.33 
12.09 
Surface soil eroded (Inches) 
EXPERIMENTAL DATA FROM FIELD AREAS 
-------- 
1926 
48.74 
47.78 
1926 
.280 
.256 
Loss per acre (pounds) 
Work; with the field areas, which varied in size approximately from 
5+ to 11 acres (Figure lo),  was included to secure information as to 
the effect of preventing runoff on crop yields. 
The study is classified under four headings : 
1926 
81 459 
77 :301 
1. Effect of field obstructions on runoff and crop yields; 
2. Relation of terrace spacings t o  runoff and crop yields; 
3. Relation of grade of terrace to runoff and crop yields; 
4. Maximum utilization of rainfall as  affecting crop yielcls. 
Av. 
-------- 
6.08 
7.38 
1927 
1.84 
3.57 
Av. 
32.f 
43.W 
1928 
4.07 
6.48 
1927 
16.88 
32.69 
Av. 
.I27 
.I46 
----- 
1927 
.023 
.047 
-- 
1927 
6 932 
13 1664 
1928 
32.34 
51.45 
1928 
.080 
.I36 
1928 
23 437 
39 :743 
Av. 
-------- 
37 972 
40 1569 
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Effect of Field Obstructions on Runoff and Crop Yields 
The influence of obstructions on runoff is shown by comparing the 
results from Area 2, which had rows running with the elope; Area 1, 
which had contour rows; Area 6, which had t~vo-Poct fall between level 
terraces; and Area 7, which was diked so that  no water could run off. 
The results secured i n  measuring the water losses from these areas a 
shown i n  Table 21. The water losses i11 1927 were low on all areas, ar 
the crop yields as shown i n  Table 22 are i n  accorci with these loss€ 
though the differences are not very great. 
The relative losses in  1928, however, are not consistent either with our 
knowledge of the effectiveness of obstructions in retarding vrater, or wit11 
the crop ~ i e l d s  for 1928 shown in  Table 22. This inconsistency, which 
occurs particularly i n  comparing Areas 1 and 2, can be explained by the 
fact that  the long rows running with the slope on Brca 2 permitted the 
concentration of water on the lower part  of the area. This movement 
of water left the land a t  the upper end of the area in a smooth conclition 
and with a large proportion of sand particles on the surface, a condition 
favorable to destructive wind effects. On June  9, a sand storm occurred, 
resulting in  heavy damage to the young cotton plants on the upper part  
of this area, not  correspondingly heavy on other areas. The diked bor ' 
a t  the lower end of Area 2 held much of the water that  fell on this a 
resulting i n  an  exceedingly good crop on that  part of the area to bala 
the damaged crop on the upper part of the area and introducing a .ox 
of error which affects these results. This same condition did not occur 
on Area 1, where the rows were contoured anci where the water mas evenly 
distributed. 
.cl er 
rea, 
n ce 
~ rc3  
Table 21.-Runoff in inches and percentages from field areas, as influenced by obstructior 1927-1928. 
Area Treatment 
Rows running with slope. . .  
Contoured rows.. . . . . . . . . .  
2-ft. fall between level 
terraces . . . . . . . . . . . . . .  
Diked . . . . . . . . . . . . . . . . . . . .  
Runoff, percentage Runoff, acre-inches 
-----  
1927 1 I928 A v e r a g e  1927 I 1928 I Ave rage 
Table 22.-Influence of obstructions to  runoff on crop yields from field areas, 1927-1928. 
Area Treatment 
.................... Rows running with slope.. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Contoured rows.. 
................. 2-ft. fall between level terraces 
Diked . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - 
Yield, pounds of seed cotton 
=I 1928 I Average 
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The acre yields from the different areas shown in Table 22 indicate 
. general way the relative values of the different kinds of obstructions. 
? yield of 156 pounds of seed cotton in 1928 on Area 2 is low, due 
he damage resulting from the sand storm. 
'he trend of these results indicates the effectiveness of obstructions 
in preventing runoff and the resultant increase in crop yield clue to the 
sa~-ing of water. 
Two other areas, each containing 4.58 acres, one level-terraced and 
n-ith contoured rows and the other without terraces and wit11 rows run- 
ning with the slope, showecl an average acre yield of 952 pounds and 
669 pounds of seed cotton, respectively. These areas, however, were not 
equipped with llleasuring devices, and i t  mas impossible to secure a record 
of the water lost. 
Area 7 ,  u-hich was dikecl to hold all water, has been exceptionally 
interesting. The months of June and July, 1927, and May, July, and 
August, 1928, had abnormal rainfall. The soil on this area absorbed 
e water froni these heavy-rain periods ~vithout apparent damage to the 
o ~ ~ ~ i i i g  crop. Soils and subsoils having an open structure, such as 
ese soils have, allow a rapid infiltration and can store large anlounts 
m-ater for subsequent use by plants. 
Relation of Terrace Spacings to Runoff and Crop Yields 
Field Areas 3, 6, and 4, containing approximately 11, 6, and 10 acres, 
spectively, were all terraced; the terraces were run on contour lines 
lt were given a fall of one, two, and three feet, respectively, between 
e terraces. The results for the two-year period are shown in Table 23. 
he cotton yields from these same plats are shown in Table 24. These 
cults are directly contrary to what would be expected, and the yields 
cured from each of the three areas seem to conform close& to the 
nount of water saved. 
inches and percentages from field 
1927-1928. 
areas, influenced terrace spacing, 
rea 
- 
3 
These three areas are not uniform with reference to the natural slope 
of the land and soil. By referring to the map of the field areas (Figure 
lo ) ,  it is noted that Areas 3 and 6 are on the crest of the field and that 
Area 4 is much better adapted with reference to soil and topography. 
Runoff, acre-inches 
Treatment 
1-ft. fall between level 
terraces. . . . . . . . . . . . . .  
2-ft. fall between level 
terraces. . . . . . . . . . . . . .  
3-ft. fall between level 
terraces. . . . . . . . . . . . . .  
-----  
1927 
pp---- 
.3675 
.I128 
.0000 
1928 
2.692 
.860 
Runoff, percentage 
Average 
1.529 
.486 
1.4321 .716 
Average 
21.19 
6.73 
9.80 
1927 
6.49 
1.99 
0.00 
1928 
35.90 
11.47 
19.60 
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Accordingly, observations of the movement of water over these areas 
during the two years lead to the conclusion that the areas are not com- 
parable. The experiment will have to be revised to eliminate these 
sources of error. I t  is contemplated to duplicate these areas in another 
part of the field and to add a number of other areas for the purpose of 
checking the reliability of the results accruing from the series involved. 
Table 24.-Influence of terrace spacing on crop yields from field areas, 1927-1928. 
Treatment 
Yield, pounds of seed cottor I- I I- 
Relation of Grade of Terrace to Runoff and Crop Yields 
3 
6 
4 
Areas 6 and 5 furnish a comparison of terraces that have a slop 
three inches in 100 feet with terraces built on a level. These two a 
are each approximately six acres in size and are located on an alr-_-_- 
ideal slope for such comparative work. Table 25 shows the amount9 of 
water lost from each of these areas for each of the two years. I t  is 
observed that approximately four times more water was lost on the 
terraces that had a fall than on the terraces that were c ~ n s t r u c t e ~  --
the level. The average runoff from Area 6 in 1927 and 1928 mas 
inches and from Area 5, 1.815 inches; that is, the level terraces I 
1.329 inches more rain water than did the terraces with a slope. 
differences in cotton yields are significantly in favor of the level terraces 
(Table 26). 
1-ft fall between level terraces. . . 297 443 
2 a between l e e  t a c  . .: : : : : : : : : : I / , 466 1 538 
3-ft. fall between level terraces. . . . . . . . . . . . . . . . . . 602 356 479 
Table 25.--Runoff water in inches and percentages from field areas, as influenced by terraces. 
with and without fall, 1927-1928. 
The terraces were built on Areas 5 and 6 in 1926, but the equipment 
for measuring runoff mas not installed until 1927. The acre yield of 
seed cotton in  1926 on Area 6, having level terraces, was 683 pound 
and Area 5, having a slope of three inches in 100 feet along the terrac 
produced 609 pounds of seed cotton to the acre. The increased yie 
from the area having level terraces over the area having terraces with 
Area 
6 
5 
Treatment 
2-ft. fall between level 
terraces. . . . . . . . . . . . . . 
2-ft. fall between terraces 
with 3-in. fall. . . . . . . . . 
Runoff, percentage 
1927 
1 .99 
9.90 
Runoff, acre-inches 
1928 
11.47 
40.94 
Average 1927 
-----  
Average 
------ 
6.73 
25.42 
.I128 
.5602 
1928 
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slope of three inches in 100 feet on the terrace, in  1926, 1927, and 1928, 
was '74 pounds, '79 pounds, and 173 pounds of seed cotton per acre, 
reepectivelj-, v i th  an avercge for the three years of 109 pounds of seed 
cotton per acre in favor of the level terraces. This average yield is not 
surprising in view of the additional water saved. It is commonly known 
that a small rain at  the critical time often materially increases the yield. 
Table 26.-Influence of terraces with and without fall on crop yields from field areas, 1927-1928. 
1 I Yield, pounds of seed cotton 
Treatment 
2-ft. fall between level terraces. . . . . . . 
2-ft. fall between terraces with 3-in. 
fall. . . . . . . . . . . . . . . . . . . . . . . . . . . 
A 
clu cl 
both 
l o , ?  
Maximum Utilization of Rainfall as Affecting Crop Yields 
ince the conservation of rainfall is desirable in this region, i t  seemed 
,. to include some field areas on which all of the rainfall was retained 
for comparison with some other field areas which received not only the 
rainfall but had definite amounts of water diverted from other areas to 
supplement the rainfall. 
'ccordingly, a group of four field areas was established. These in- 
ed Fielcl Areas 7 ancl $,-planted to cotton and alfalfa, respectively, , 
equipped with closed terraces on contours, and Field Areas 9 and 
11antecl to cotton and alfalfa, respectively, both equipped with borders 
cl a systeln of diversion terraces designed to save not only the rainfall 
t to take care of additional measured water diverted into these areas 
'igure 10). 
It was realized that such a practice might require considerable alter- 
ons in these diversion terraces and obstructions before these areas 
11c7 be expected to handle most efficiently the rainfall and additional 
~isurecl mater cliverted onto them. However, both of the crops used, 
cotton and alfalfa, are heavy users of mater. This is especially true of 
alfalfa, which is an ideal crop to utilize water diverted from other areas, 
' not only lsecause i t  uses water practically throughout the year, but 
because alfalfa is usually planted on areas where runoff water is avail- ! able. 
I The fonr field areas, ?', S, 9, and 10, were established in 1927, 7 and 9 
, put into operation in 1927, and 8 and 10 in 1928. Records were ~ecuwd 
I 
as to the effectiveness of closed terraces built on contours from Areas 7 
, and 8 in both 1927 and 1928, with the result that no losses of water from 
, rainfall occurred on either of these areas, either in 1927 or 1928, showing 
that under such conditions as obtained in  those years the use of contotlred 
terraces on such slopes can be made effective in preserving all the rain- 
fall. Records of crop yields for 192'7 ancl 1928 were secured from Area '7 
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planted to cotton with yields amounting to 753.04 and 586.66 pounds 
of seed cotton to the acre, for the two years, respectively. 
The effectiveness of closed terraces built on contours in terms of crop 
yields is shown by the fact that in 1927 the yield of cotton from Area 7, 
so equipped, was 169 pounds of seed cotton per acre greater than the 
average yield of cotton on the four field areas equipped with open ter- 
races, and 233 pounds greater than the average of the four same field 
areas for 1928. Field Area 9, planted to cotton and equipped with 
borders and a system of diversion terraces, was designed to prevent any 
water loss from runoff and during the year 1928 received a measured 
amount of 4.99 acre-inches of water per acre from other areas. This 
amount of water was sufficient to cause breakage in the borders and 
terraces, and a loss of part of the diverted water during 1928. This 
breakage caused inaccuracies in both the rainfall saved and the additional 
water supplied. This area produced a yield of 441 pounds of seed cotton 
to the acre in 1928, or 68 pounds more than the average yield of the four 
plats equipped with open terraces. Such differences as these indicate 
the possibility of the use of closed terraces built on contour lines in 
subhumid regions. 
Field Areas 8 and 10 were planted to alfalfa in September, 1928, but 
notes on yields were not secured although there was an observable differ- 
ence in the crops on the two areas in  favor of Area 10, which receired 
2.73 acre-inches per acre diverted runoff from other areas. This area 
produced four cuttings as against three cuttings from Area 8, which 
received only the rainfall, and there was a marked difference in the 
Fig. 23. A broad-base terrace under construction. This terrace is 24 feet wide a t  t h e  
base and is two feet high. Crops can be grown on top of this terrace and i t  can b e  
planted and cultivated with two-row implements. 
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growth. on the two areas for each of the cuttings, again indicating the 
feasibility of using diversion water in growing alfalfa. 
Field Area 10, like the corresponding area, 9, planted to cotton, 
deveIoped some breaks in the border terraces, and lost a considerable 
amount of water, nullifying the records as to the amounts of water 
actually retained on the land. The system of diversion terraces or. both 
Areas 9 and 10 is imperfect in the retention of rainfall and equal dis- 
tribution of water brought in, and accordingly, the perfection of these 
diversion terraces is one of the problems to be studied and improved 
through experience. Observations made thus far on these areas, both 
as to the amount of water retained and the resultant increased crop 
growth, indicate the importance of developing this series in order to 
get definite and reliable information as to the feasibility and profitable- 
ness of impounding runoff for use in crop growth. 
Fig. 24. A broad-base terrace in a cotton field. This terrace was constructed in 
March, 1928, and the picture was taken in December. The best cotton in the field was 
made on top of the terrace and on the rows just above the terrace. 
The solution of the problem lies in devising some system to bring the 
water onto the land with reduced velocity, and even distribution of this 
mter  over the area, thus allowing the maximum absorption and reducing 
the chance of breakage in the diked borders and the consequent loss of 
water. The construction thus far has been inadequate to accomplish 
these ends, and it is felt that such a system can be nrorked out only by 
means of the trial-and-error method preparatory to studies of the effect 
of application of sucIi additionaI water on crop yields. 
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SUMMARY 
Since water is the chief limiting factor in  crop production in the 
subhumid region of Texas, the study of the rainfall, its character, seasonal 
distribution, and means of increasing the amount absorbed by the land, 
and measuring the effects of such moisture conservation on crop yields, 
is of the greatest practical importance to the region. 
The plan of the work reported in this publication relates to the study 
of factors contributing to lokses of rainfall water and soil and the effects 
of conservation of rainfall water ancl soil on crop production. 
The results reported were obtained at Substation No. 7 ,  near Spur, 
Dickens County, Texas, located in  the Rolling Plains region of North- 
west Texas. The soil on which this work was done is Miles clay loam 
and the results are considered as directly applicable to parts of 44 
counties and approximately 14,000,000 acres of land of the Miles and 
Abilene and related series and indirectly applicable to all of the sub- 
humid portion of Texas. 
The equipment used in this work consists of a complete set of meteoro- 
logical instruments, a series of control plats equipped with tanks to 
catch the runoff water and erocled soil, and a series of field areas 5 to 11 
acres in size, six of which are equipped with still ponds, weirs, and 
water-stage recorders for measuring the losses of water. 
The average rainfall at  Spur for a period of 1 7  years shows that 85 
per cent of the total rainfall comes during the growing season for 
summer crops. The monthly distribution of rainfall shows two rain 
peaks, one in May and one in  September, with a period of depression in 
July. 
A comparison of the distribution of the rainfall at  Spur and at four 
other stations in Texas shows a similarity in rain peaks and in the 
summer period of depressed rainfall. 
A study of the distribution of the rainfall a t  Spur by 10-day per:nJ- 
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shows 
. . 
tween 
API 
becaus 
as ruI 
that the period of depressed rainfall begins in June and extends 
to ~ u g u s t .  
A classifica-tion of the rains for 17 years as to size shows that 45 per 
cent of the total rainfall occurred i n  rains less than one inch in  size and 
that the remaining 55 per cent was approximately equally divided be- 
rains of one to two inches and rains of over two inches. 
~roximatel'y 20 per cent of the total rainfall has been ineffective 
;e i t  has occurred in  small showers, another 20 per cent was lost 
loff, leaving approximately 60 per cent of the total rainfall to be 
absorbed by the soil. 
lfeasurements of the water lost from the eight control plats for the 
three-year period show that 60 per cent of the total water losses occurred 
during the months of July and August and in August alone 33 per cent 
of the losses occurred. 
Studies of the influence of the intensity of rainfall on runoff indicate 
that other factors such as moisture content of the soil at  the time of 
rainfall exert considerable influence on the losses, requiring additional 
refinements in methods and procedure for conclusive results. 
The intensity of the rainfall seems to have the same relation to erosion 
that i t  has to the losses of water by runoff and requires the same methods 
for further study. 
The results indicate that runoff losses are not in direct proportion to 
the steepness of the grade, but that tremendous water losses occur on areas 
with very little slope. 
The results indicate that losses of soil by erosion are more directly in 
proportion to the steepness of the grade than is the case with water losses 
and that slopes with as little as 1 per cent grade are in  danger of being 
impoverished rapidly by soil erosion. 
Grass was found to be an effective vegetative cover in retarding the 
off-flow of water. Milo is more effective than cotton and cotton more 
effective than fallow. The efficiency of a crop is partially due to its 
coverage and partially due to its removal of water from the soil, which 
in turn affects the absorption of water. 
The results indicate that vegetative cover is a contributing factor in 
controlling erosion, the losses of soil being in proportion to the effective- 
ness of the crops as a vegetative cover and its use of water. The soil 
losses were in direct proportion to the water losses. 
Tillage of land as compared with untilled fallow land in conserving 
water shows that the losses from the tilled plats were from one-half to two- 
thirds as much as from the plats not cultivated and that the soil losses 
as influenced by tillage were approximately i n  the same proportion. 
Results from field areas as to the effectiveness of obstructions in pre- 
~en t ing  runoff and in increasinq crop yields were not consistent, but in 
general indicate that considerable amounts of water can be saved by the 
use of contoured rows, level closed terraces, and dikes, and that the crop 
yield is in proportion to the amount of water saved. 
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Results as to the influence of spacing between terraces on runoff and 
crop yields are inconclusive. 
The results where level terraces were compared with terraees built wit11 
a fall of three inches in 100 feet have consistently shown that level ter- 
races are mukh more effective in saving water anc! the level-terraced area 
has shown a,n average annual yield of 109 pouncls of seed cotton to  the 
acre more than where the terrace had a fall of three inches in 100 feet. 
Studies relating to utilization of rainfall and its effects on crop yielcls 
indicate that under the conditions in this region all of the rainfall can 
be retained on land planted to cotton and alfalfa by the use of closed 
level terraces. The work also indicates that in special cases from tvo 
to four inches of additional water can be applied to the land by means 
of diversion terraces, but this requires the perfection of some system to 
spread and retain the water on the land. Prelililinarp observations made 
as to the results in crop yields indicate that alfalfa, and perhaps cotton, 
can utilize additional water advantageounly. 
